J 



Eur paisches Patentamt 
European Pat nt Office 
Office uropeen des brevets 




(Ti) Publication number: 0 665 522 A1 



02) 



EUROPEAN PATENT APPLICATION 



@ Application number : 95300524.6 
(22) Date of filing : 27.01.95 



@ Int. CI. 6 : G08B 13/193 



(30) Priority: 27.01.94 GB 9401548 

(S3) Date of publication of application : 
02.08.95 Bulletin 95/31 

(Si) Designated Contracting States : 

AT BE CH DE DK ES FR GB GR IE IT U LU MC 
NL PT SE 

@ Applicant : SECURITY ENCLOSURES LIMITED 
Kingswood House, 
St Dunstans Hill 
Sutton, Surrey SM1 2UE (GB) 



72) Inventor : Grant, John T. . 
Old Maltings, 
Town's End 

Reepham, Norfolk, NR10 4LD (GB) 

74) Representative : Blatchford, William Michael 
Withers & Rogers 
4 Dyer's Buildings 
Holborn 

London EC1N 2JT (GB) 



(g) Wide-angle infra-red detection apparatus. 

(g) A passive infra-red detection apparatus is 
described, which comprises an infra-red sensor 
array (16) mounted in a housing (10), and a 
focusing reflector system (20, 22) and focusing 
refractor (14) which focus infra-red radiation 
from different, distance ranges onto the sensor 
array (16). Trie sensor array (16) comprises at 
least three sensing elements or groups of ele- 
ments (16A, 16B, 16C) spaced apart transversely 
with respect to the lens axis of the focusing 
refractor (14). Thus in combination with a multi- 
ple reflector (20, 22) having at least three reflec- 
tor surfaces and/or a multiple focusing refractor 
(14), the sensor array receives several different 
views spaced apart transversely thereby provid- 
ing a wider viewing angle than the prior art 
construction. Thus, the present detector is 
more suited to use with a closed-circuit televi- 
sion (CCTV) surveillance system. 
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Thisinv ntion relates to infra-red d tection appa- 
ratus having an infra-red pyro- lectric s nsor and 
long pass f ilt r combined with a focusing mirror, plane 
mirror and Fresnel lens array. 

Such apparatus is disclosed in our European Pa- s 
tent Publication No. 0537024A. The combination of 
the lens array and mirrors produces discrete spaced- 
apart fields of view which in a typical embodiment 
provide a 'curtain of coverage' in a vertical plane. De- 
tection apparatus using this arrangement is suitable 10 
for use along the perimeter boundary of a secure area 
and to provide an alarm signal whenever the fields of 
view are traversed by an intruder. The alarm signal 
may be used to activate an alarm system, CCTV sur- 
veillance system, security lighting or other response is 

si/stem 



Field experience indicates that when the appara- 
tus is located with CCTV cameras and used as a mo- 
tion sensor to activate video recording equipment or 
other warning systems, it can have certain shortcom- 20 
mgs. Firstly, the area covered by the known appara- 
tus extends typically 100 metres with a radial spread 
of some 3 degrees, whereas the area covered by a 
typical CCTV camera lens is invariably wider, typical- 
ly 20 degrees. Thus, when co-located with a CCTV 25 
camera, the existing apparatus does not provide mo- 
tion sensing over the whole area covered by the cam- 
era lens. Secondly, when used in rural outdoor loca- 
tions, alarm activation may be caused by warm- 
blooded animals such as rabbits, dogs and foxes 30 
moving into the fields of view where they impinge the 
ground. Whilst these activations may have little con- 
sequence when used with a CCTV system, they can 
cause an undesirably high false-alarm rate when the 
apparatus is combined with intruder alarm systems 35 
and CCTV cameras are not installed. 

It is an objectof the invention to provide improved 
infra-red apparatus. 

According to this invention, infra-red detection 
apparatus comprises an infra-red sensor array 40 
mounted in a housing, a focusing reflector system 
constructed and arranged in the housing to focus in- 
fra-red radiation received from a first range of dis- 
tances onto the array, and a focusing refractor con- 
structed and arranged in the housing to focus infra- 45 
red radiation from a second range of distances onto 
the array, the second distance range encompassing 
distances shorter than the first distance range, 
wherein the sensor array comprises at least three 
sensing element or groups of sensing elements, so 
which elements or groups are spaced apart trans^ 
versely with respect to a lens axis of the focusing re- 
fractor, and wherein the focusing reflector system in- 
cludes a multiple reflector having at least thr erefl c- 
torsurfec s each oriented to direct incoming radiation 55 
to a different transverse position on th sensor array. 

In a preferred embodiment of the invention the 
housing has a front window forming at least part f a 



front wall of th housing and the reflector system 
compnses a first mirror mounted within th housing in 
a r arward position with respect to the window and di- 
rected generally towards the window, and a second 
mirror above or below the window and the first mirror 
and directed generally towards the first mirror th 
sensor array being respectively below or above th 
window and the first mirror, whereby infra-red radia- 
tion entering the housing through the window is re- 
flected by the first mirror onto the second mirror 
where it is then reflected onto the sensor array Th 
multiple reflectormay be a single multi-faceted mirror 
having three or more facets angled with respect to 
each other or it may be a group of mirrors angled with 
respect to each other. In the case of the focusing re- 
flector system comprising a first, plane reflector and 
a second, concave reflector, it is preferably the plan 
reflector which is multi-faceted or consists of differ- 
ently angled plane mirrors, but it is possible for the 
concave reflector to have a plurality of concave facets 
or sections each having a focusing axis angled with 
respect to the axes of the other facets or sections As 
a result it is possible to produce a well-defined imag 
from infra-red radiation emitted by a body at a range 
in excess of 25 metres, and preferably in excess of 50 
metres over an area radially spaced 10», preferably 
15°, either side of a centre axis. 

The sensor array of the preferred embodiment 
has a number of sensors which corresponds to the 
number of reflector surfaces of the multiple reflector 
and each sensor has two sensing elements arranged 
SKJe-by-side in the transverse direction, i.e. along the 
"me of sensing elements running transversely to the 
refractor lens axis referred to above. The orientation 
of the reflector surfaces is such that the combination 
of the focusing reflector and the sensor array has a 
plurality of pairs of fields of view radiating from the 
front window of the housing, the number of pairs be- 
ing equal to the multiple of the number of sensors and 

thenumber of reflector surfaces of the multiple reflec- 
tor. Preferably, the arrangement of the reflector sur- 
faces and the sensors is such thatthe individual fields 
of view or pairs of fields of vieware in groups such that 
the complete viewed sector covered by the arrange- 
ment is divided into a plurality of consecutive smaller 
sectors each corresponding to a respective one of the 
groups, with the number of groups corresponding to ' 
the number of reflector surfaces. Within each group 
there is a number of individual fields of view or pairs 
of fields of view corresponding to the number of sen- 
sors receiving radiation from the respective reflector 
surface. 

Whether each group contains individual fi Ids of 
v. worpairs ffi Idsofvi wdependsonwh therthe 
sensors each contain one or a pair of s nsing ele- 
m nts. It will b appreciated that if each of the s n- 
sors contains more than two sensing el ments. each 
group will be mad up of sub-groups of thre or more 
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, fields of view. 

A similar arrang ment of fields of view at closer 
ranges may be provided by arranging for th focusing 
refractor to have a plurality of I ns s with differently 
oriented lens axes, each lens accounting for a number 5 
of pairs of fields of view corresponding to a number 
of dual-element sensors. The lenses are preferably 
Fresnel lenses formed in the same piece of infra-red- 
transparent material as a plain window portion for the 
passage of radiation received by the reflector system. 10 

To reduce false alarms due to the number of fields 
of view, the sensors are connected to an electronic 
signal processing arrangement preferably mounted 
inside the housing and constructed so that an alarm 
condition is signalled only when at least two sensor 15 
output signals occur at different respective sensor 
outputs within a predetermined time interval. The out- 
put signals may be changes in voltage level of one or 
more sensing elements of a sensor, or changes in the 
difference between the output voltage levels of two 20 
sensing elements of the sensor. Thus, an intruder 
moving across different fields of view will cause suc- 
cessive output signals in different sensors, giving rise 
to an alarm condition, whereas occasional, spasmod- 
ic movements due to small animals, for example, are 25 
more likely to produce output signals in only one sen- 
sor within the predetermined time interval. The inter- 
val is typically 10 seconds, but may be in the range 
of 3 seconds to 30 seconds. 

In this way it is possible to provide coverage to 30 
match the coverage of typical CCTV lenses while 
substantially reducing the false alarm rate from ani- 
mals which would normally result when a multiple 
fields of view system is used in an outdoor environ- 
ment. 35 

It has been stated above that the focusing reflec- 
tor system receives radiation from a first range of dis- 
tances while the focusing refractor receives radiation 
from a second range of distances, the second range 
encompassing distances which are shorter than the 40 
first range. Advantageously, the focusing refractor 
can be made up of lenses which produce f ields of view 
spaced not only angularly over the viewed sector, but 
also spaced in a vertical plane so as to define differ- 
ent ranges corresponding to different declinations 45 
with respect to the horizontal. Additional, shorter, 
ranges may be produced by including a further reflec- 
tor in the housing which is located so as to receive ra- 
diation via the lenses from a steeper angle of declin- 
ation for reflection onto the sensors. This reflector so 
may be a mirror having a reflecting surface which is 
curved so as to increase the aspect ratio of the fields 
of view provided by this reflector in comparison with 
the aspect ratio of the oth r fields of view. In other 
words the image of a radiating bject incid nt on the 55 
sensor array is reduced in h ight in comparison with 
its width. This may be achieved by arranging for the 
reflecting surface to be concave and to hav its small- 



est radius fcurvatureaboutahoriz ntal axis running 
transvers lytoth lens axis raxes. In particular, th 
refl cting surfac may b part-cylindrical about such 
a horizontal axis. 

The overall field of view of the preferred appara- 
tus is in the region of 30 degrees (15 degrees either 
side of the central axis), extending to a maximum dis- 
tance of 50 to 80 metres when the apparatus is locat- 
ed at about 2.3 metres above the ground, the doubl 
fields of view due to the reflector system being ar- 
ranged to decline and impinge on the surface at typ- 
ically 70 metres range. Consequently, an intrud r 
crossing the area of coverage would normally be de- 
tected after travelling 5 metres or less. 

The energy collected from an intruder within a 
field of view of a given solid angle remains substan- 
tially constant with increasing range providing he fully 
fills the field of view. Although the energy decreases 
with the square of the distance, the area of the target 
covered by the field of view increases with the square 
of the distance to compensate. Thus the signal b- 
tained when an intruder crosses into a field of view re- 
mains substantially constant at increasing distance 
until he no longer fully fills the field of view, where- 
upon the signal diminishes with the square of the dis- 
tance. It follows that it is preferable to use relatively 
long focal length systems for long range imaging. In 
the preferred embodiment of the invention fields of 
view beneath the main, long range rank, i.e. addition- 
al to those provided by the reflector system, are ar- 
ranged to decline at greater angles in order to detect 
intruders moving closer to the detector and beneath 
the level of the main fields of view. In practice it is de- 
sirable to arrange that the lower ranking fields of view 
have focusing systems, i.e. the Fresnel lenses refer- 
red to above, with focal lengths shorter than the main 
fields of view. This is beneficial for two reasons: First- 
ly, a shorter focal length allows the use of smaller 
apertures (lenses) for the same or similar f number. 
Secondly, the area covered where the wider angl 
field of view impinges on the ground is larger than 
would be the case with a long focal length system, 
therefore small animals are less likely to fill the field 
of view fully. 

In the preferred embodiment the main rank of 
nine double fields of view is supplemented by four ad- 
ditional ranks each angled downwardly to a different 
extent with the steepest rank declining some 30 d - 
grees from the horizontal. These fields of view are 
produced by a system having a focal length of around 
half that of the reflector system producing the main 
rank. In an ideal system each downward rank would 
have a focal length to suit the coverage required such 
that the steepest ranks (closest to the detector) might 
have a focal length some 10 percent of th main rank, 
but for practical reasons of manufacturing simplicity 
th present apparatus uses two focal lengths, typical- 
ly about 100 mm for the main ranks (the reflector sys- 
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tern) and 50 mm for the low r ranks (th focusing re- 
fractor), i. . th focal I ngth of on is about one half 
of the focal length of the ther.Toincr ase further th 
ar a of ground covered by th steepest two ranks, th 
preferred apparatus uses a secondary cylindrically 5 
curved reflector, as mentioned above, which modi- 
fies the aspect ratio of the fields of view to have height 
to width ratios of typically 4:1 compared to the 2:1 ra- 
tio of the other ranks. Thus the area of the ground cov- 
ered by these steeper fields of view is elongated 10 
thereby reducing the chance of animals filling the 
field of view but ensuring that a normally vertical in- 
truder still fully fills it. The reflector is curved in one 
plane only to cause this vertical elongation of the 
fields of view. 15 

The preferred apparatus also has the following 
features. It has passive infra-red sensor means, a fo- 
cusing reflector constructed and arranged to focus in- 
fra-red radiation received by the apparatus from a 
first distance range on the sensor means, and focus- 20 
ing refractors constructed and arranged to focus in- 
fra-red radiation received by the apparatus from a 
second distance range on the sensor means, the sec- 
ond distance ranges being shorter than the first dis- 
tance range. The focusing refractors are an array of 25 
Fresnel lenses formed in a sheet of polyethylene ma- 
terial, the array of lenses causing radiation received 
from an object within the second distance ranges to 
converge on the sensor means, which are positioned 
at or near the focal plane of the array of lenses. The 30 
sensor means and the ref lector are contained within 
a housing one wall of which is formed as a window fac- 
ing the scene to be surveyed. Advantageously, the 
window is a polyethylene film, part of which, prefer- 
ably a lower part, is formed as an array of Fresnel 35 
lenses, and another part of which is parallel-sided so 
as to pass infra-red radiation largely without refrac- 
tion. 

The focusing reflector may be a concave mirror 
arranged to receive radiation through the plane por- 40 
tion of the window from objects in the first distance 
range to cause such radiation to converge on the sen- 
sor means. A second, plane reflector is used as an in- 
termediate reflector in the optical path between the 
window and the above-mentioned focusing refractor. 45 
For instance, if the sensors are located in a lower part 
of the housing at or near the effective focal plane of 
the Fresnel lenses, the concave reflector is best posi- 
tioned in the top part of housing with its reflective sur- 
face facing downwards and away from the window, 50 
and the second reflector is best mounted generally at 
the same level as the plain, parallel-sided part of the 
window rearwardly with respect to the concave reflec- 
tor ori nted so that radiation from a distant object is 
reflected upwardly t th concave r flector which 55 
then reflects th radiation downwardly to converg on 
the sensor means. Th s nsor means are located at 
orn arth focal plane of th concave reflector, i.e. at 



orn arth int rs ction of the focal planes fth con- 
cav reflector and the Fresnel lenses. It will also be 
appreciated that a similarly compact arrangement 
may be achieved with the sensor means in an upper 
part of.the housing and with the concave reflector in 
a lower part. 

In practice, when the apparatus is mounted some 
distance above the ground, for example at a height of 
two metres or greater, the positioning of the sensor 
means and the optical components described abov 
determines the effective ranges within which radia- 
tion sources may be detected according to the inclin- 
ation of the paths of the incoming radiation with re- 
spect of the horizontal. Thus, radiation emanating 
from a body less than 25 metres from the apparatus 
will be incident upon the window at a greater angle 
with respect to the horizontal than radiation emanat- 
ing from a body at, for example, 50 metres. Accord- 
ingly, the positioning of the concave and plane reflec- 
tors with respect to the sensor means and the paral- 
lel-sided part of the window is arranged such that ra- 
diation from objects at a distance of 50 metres or 
greater is directed onto the sensor means, while the 
position of the sensor means with respect to the lower 
part of the window, containing the Fresnel lenses is 
such that the sensor means receive radiation only 
from objects at a distance of 25 metres or less. The 
apparatus includes a second reflector in the region 
between the Fresnel lens or lenses and the sensor 
means and alongside the radiation path therebetw- 
een in order to reflect radiation instant upon the Fres- 
nel lens at a steeper angle of inclination (i.e. emanat- 
ing from objects much nearer than 25 metres) onto 
the sensor means. When the sensor means are locat- 
ed in a lower part of the housing, it is advantageous 
that this second plane mirror has a downwardly facing 
surface and is positioned generally above the path of 
radiation travelling directly between the Fresnel lens 
and the sensor means so that the reflector can act as 
a shield protecting the sensor means from direct sun- 
light. 

The complete disclosure of the above-mentioned 
European Patent Publication No. 0537024A is incor- 
porated as part of the subject matter of this specifi- 
cation and drawings by reference. 

The invention will now be described by way of ex- 
ample with reference to the drawings in which:- 
Figure 1 is a sectional side view of apparatus in 
accordance with the invention; 
Figure 2 is a front view of a window of the appa- 
ratus of Figure 1; 

Figure 3 is a partly cut-away front elevation of th 

apparatus of Figur s 1 and 2; 

Figur s 4A, 4B and 4C ar resp ctively a front 

levation, a bottom plan vi w, and a cross- 
s ctionalsid view of a plane mirror array mount- 

d in the apparatus f Figures 1 and 2; 
Figure 5 is a diagrammatic side vi w illustrating 
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the fi Ids of view of th apparatus, shown in a 
vertical plane; 

Figure 6 is a diagrammatic plan vi w showing the 

sam fields of vi w as shown in Figure 5; 

Figure 7 is a block diagram of an electronic signal 5 

processing arrangement. 

Referring to Figure 1 , infra-red detection appara- 
tus in accordance with the invention has an outer 
housing 10 with a front aperture covered by a poly- 
ethylene film window 12 which is sufficiently thin to 10 
pass infra-red radiation having a wavelength typically 
in the region of 7 to 11 microns without significant ab- 
sorption. As will be seen from both Figures 1 and 2, 
the window 12 has a lower part which is ribbed on one 
surface to form an array 14 of Fresnel lenses 14Ato 15 
14E having lens axes 14AA, MBA, MCA, 14DA and 
14EA. The remainder of the window, i.e. the upper 
part 15, is generally parallel-sided and is smooth on 
both sides so as to pass radiation substantially with- 
out refraction. The housing, together with its window 20 
provides environmental protection and electrical 
screening. It will also be noted that the housing 10 is 
taller than it is deep. 

Situated inside the lower part of the housing 10 
are pyro-electric sensors 16A, 16B and 16C each 25 
containing one or more heat sensing elements and 
mounted adjacent each other in a horizontal line par- 
allel to the window 12 in a metallic casing 18 which 
also contains electronic circuitry (not shown) for indi- 
vidually amplifying and filtering electrical signals pro- 30 
duced by the sensors, as well as for generating an 
alarm signal or other response. The sensors 16Ato 
1 6C include integral long-pass optical filters allowing 
transmission of long infra-red wavelength radiation 
(i.e. longer than, for example, 7 microns), and are di- 35 
rected both towards the Fresnel lenses 14A to 14E 
and towards the upper part of the housing 10 so as to 
be sensitive to radiation incident directly from the win- 
dow 12 and from the upper part of the housing. In or- 
der that radiation emanating from objects 25 metres 40 
or less from the apparatus is incident upon the sen- 
sors 16A to 16C, the latter are positioned at least ap- 
proximately in the focal plane of the Fresnel lenses 
14A to 14E at a level corresponding to the position of 
the image produced by a radiating object at the ex- 45 
pected declination with respect to the window 12 for 
an object within that distance range, taking into ac- 
count the intended mounting orientation of the hous- 
ing 10 with respect to the horizontal and its height 
above ground. Fresnel lenses 14A to 14E are, of 50 
course, positive, converging lenses formed on the in- 
ner or outer surface of the window 12. 

Each sensor 1 6 preferably has two heat s nsitive 
elements typically 1mm wide by 2mm high spaced 
apart by 1mm. Thus, when located on the focal plane 55 
of a collecting lens or mirror it will produce a field of 
view with a similar width-to-height ratio and a diver- 
gence dependent upon focal length. Typically, a focal 



I ngthof50mmr suits in a field of view approximate- 
ly 300mm at 1 5 metres distance. The sensitivity of the 
s nsor is such that an aperture of not less than f3 is 
preferr d for reliabl d t ction of an intruder at 15 to 
20 metres with a focal length of 50mm. It will, there- 
fore, be appreciated that, in order to detect an intruder 
reliably at, say, 60 metres range, the optical system 
requires a focal length of at least 1 00mm and an aper- 
ture preferably greater than f2. If a lens were to be 
used, its diameter would be in the region of 50mm. 
Such performance cannot be achieved reliably by 
means of a Fresnel lens made of an inexpensive infra- 
red transparent material such as polyethylene. A poly- 
ethylene lens suitable for passing the longer infra-red 
wavelengths without significant absorption must be 
comparatively thin, and since the material is soft and 
flexible, a lens formed from it displays a considerable 
lack of flatness resulting in optical aberration and a 
poorly defined field of view. For this reason, the pres- 
ent apparatus combines a Fresnel lens short rang 
optical system with a mirror-based long range optical 
system, both using the sensors 16A to 1 6C. As shown 
in Figure 1 a concave mirror 20 (preferably having a 
parabolic or other conic section) is located oppositely 
with respect to sensors 16Ato 16C in the housing 10, 
here in the upper part of the housing 10 with its re- 
flecting concave surface facing downwardly and to 
the rear at a level corresponding to or slightly above 
the upper edge of the window 12. The upper part 15 
of the window 12, above the Fresnel lenses 14A to 
14E is parallel-sided for passing infra-red radiati n 
substantially without refraction. A second, multi-fac- 
eted mirror 22, having three plane surfaces, is located 
to the rear of the housing 10 opposite the plane por- 
tion 15 of the window 12 with its reflecting surfaces 
directed forwardly and upwardly so as to direct incom- 
ing radiation emanating from objects at a distance of 
25 metres or greater upwardly towards the focusing 
mirror 20. The focusing mirror 20 then focuses such 
radiation on the sensors 1 6A to 16C which are located 
in a horizontal line along the focal plane. The precise 
positioning of the mirrors 20, 22 with respect to each 
other and with respect to the sensor 16 is such that 
radiation entering the window 12 at the angle of d - 
ciination corresponding to a radiation source at a dis- 
tance of 25 metres to. say, 60 metres is focused on t 
he sensors 16A to 16C. It will be noted that the multi- 
faceted plane mirror 22 is positioned so as not to ob- 
struct radiation reflected from the focusing mirror 20 
onto sensors 16A to 16C, i.e. it is generally further 
from the window 12 than the sensors 16Ato 16C.The 
optical axis of the focusing mirror 20 is inclined some 
45° with respect to the horizontal, although other an- 
gl s may b us d. Th multi-faceted plane mirror 22 
is positioned to dir ct radiation entering th window 
12 at an inclination of some 2° upwardly at a new in- 
clination of som 45°. Thus, the housing 1 0 can be rel- 
atively small in depth and th wind wcanb relative- 
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ly close to th mounting surface. Th focal length of 
•th focusing mirror 20 is approximately 100mm, th 
focal point being on an ffs t axis 20A of the minor 
locat d some 1 0mm below the front edge of the mirror 
and parallel to the field of view of the sensors 16Ato s 
16C. The heat sensitive elements of each sensor 
16A, 16B, 16C are located horizontally on either side 
of the respective sensor centre axis. The middle sen- 
sor 16B lies on the axis 20A at the focal point. As a 
result two long range fields of view are provided hav- 10 
ing a cross-sectional ratio of 2:1 with a divergence in 
the ratio 100:1 horizontally and 50:1 vertically, as 
shown by the reference numerals 24A, 24B, 24C and 
25A, 25B, 25C in Figures 5 and 6. Further similar 
fields are also produced by the other two sensors 15 
16A, 16C located on a horizontal plane either side of 
sensor 16B as shown by the reference numerals 26A 
to 26C, 27A to 27C, 28A to 28C and 29A to 29C. 

When an intruder crosses the fields of view 24 to 
29, infra-red energy due to body heat enters window 20 
12, and is reflected by one of the plane mirror surfac- 
es 22 onto focusing mirror 20 which then focuses the 
energy firstly onto one and then secondly on to the 
other of the heat-sensing elements of one of the sen- 
sors 1 6A to 1 6C. The connection of the heat-sensing 25 
elements is such that one element produces a posi- 
tive-going electrical signal whilst the other element 
produces a negative-going signal so that changes in 
ambient background temperatures produce opposing 
signals which cancel out, whereas an intruder cross- 30 
ing first one, and then the other field of view will pro- 
duce a signal of one polarity followed by a signal of 
the other polarity. 

Referring to Figure 7, the electronic circuitry cou- 
pled to the sensors 16Ato 16C is arranged to detect 35 
such signal sequences in order to generate a move- 
ment detection signal which may be stored in elec- 
tronic memory means 90, 91 , 92 and further process- 
ed by a logic processor 93. Providing two or more 
memories contain a signal, then the logic processor 40 
93 will activate an alarm relay timer 94. 

The electronic signal processing arrangement is 
designed on the basis that while very large animals 
may be detected, their numbers are far fewer than 
smaller animals such as rabbits which have been 45 
shown from practical experience to be a significant 
cause of false alarms. Observation shows that rab- 
bits do not generally move at a linear speed but tend 
to move intermittently, spending much time in one lo- 
cation before moving and stopping at another to eat. 50 
Intruders on the other hand, tend to move steadily 
across successive fields of view. 

Motion signals from adjacent fields of view are al- 
located to separate processing channels so that sig- 
nal storage and logic processing may be used to re- 55 
duce significantly false alarms from small animal 
movements. The nin main fields of view ar ar- 
ranged as three groups of thre (left-centre-right re- 

6 



peat d three times) to pr vide s parat signal sourc- 
es for electronic processing by three separat proc- 
essors. Signals me ting specific requirements of am- 
plitud , fr qu ncy and duration may be stored in an 
electronic memory for a preset time but not used to 
signal an alarm. An electronic logic circuit monitors 
the contents of the three stores and will only signal an 
alarm condition if any two of three stores contain an 
intrusion signal. A movement generated signal will 
only be held in a memory for a predetermined time in- 
terval, typically 10-15 seconds, so that, for instance, 
a rabbit moving into a field of view may be detected 
and cause a signal to be stored but is unlikely to mov 
into an adjacent field of view within the time interval, 
whereas an intruder is most likely to move across 
more than two fields of view within the allotted time. 
The number of channels used, the logic conditions 
and time periods may be varied to suit individual site 
and security requirements. 

Referring again to Figures 1 to 3, sensors 16A to 
1 6C are located adjacent to each other in a horizontal 
line, the centre sensor 16B being located on the mir- 
ror axis 20Aof the concave mirror 20 at the focal point 
with the other two sensors 1 6A and 16B spaced equi- 
distantly on each side. 

Each sensor contains typically two heat sensing 
elements 1mm wide by 2mm high spaced 1mm apart 
horizontally on either side of the sensor central axis. 
As a result, two fields of view are produced from each 
sensor having a cross-sectional ratio of 2:1 with a di- 
vergence ratio 100:1 horizontally and 50:1 vertically, 
as shown by reference numerals 24A to 24C, 25A to . 
25C, 26A to 26C, 27A to 27C, 28A to 28C and 29A to 
29C, in Figures 5 and 6. 

If mirror 22 were a single plane mirror, then the 
three sensors 16A to 16C would produce three 
spaced apart doubie fields of view with a divergence 
proportional to the displacement of the outer sensors 
about axis 20A. However, since mirror 22 has three 
plane mirror surfaces 22A ? 22B, 22C with the outer 
two surfaces 22Aand 22C inclined inwardly towards 
the centre mirror surface 22B at angle A and down- 
wardly at angle B, three divergent areas of coverage 
are created each having three double fields of view 
produced by the three sensors. Referring to Figure 6 
the three fields of view 26A and 27A are produced by 
sensor 16A. The three fields of view 24B and 25B are 
produced by sensor 16B and the three fields of view 
28C and 29C are produced by sensor 16C. It can 
been seen that an intruder moving across the protect- 
ed area from say left to right in Figure 6 would pro- 
duce detection signals at sensor 16A, then 16B, and 
then 16C with the sequence repeating as further 
fields of view are crossed. Providing the intruder 
moves across any two fields of view within the m m- 
ory pre-set time interval, an alarm condition may be 
activated. 

The four ranks of fields of view below the main 
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rank 24 to 29 are produced by a Fr snetl ns array lo- 
cated in the lower part 14 of window 1 2 (Figur 2). 

L ns s forming the array 14 are positive collect- 
ing I nses and have a common focal I ngth. Each 
lens axis is located at suitable positions to produce di- 5 
vergent and declining fields of view to cover the area 
below the main rank 

Referring to Figures 2, 5 and 6, lens 14A produc- 
es fields of view 42A to 47C shown in Figure 5 and 
also fields of view 60A to 65C from curved secondary 10 
mirror 28. Lens 14B produces fields of view 36Ato 
41C and also fields of view 54A to 59C from curved 
secondary mirror 28. Similarly lens 14C produces 
fields of view 30A to 35C and 48A to 53C. Lens 14D 
produces fields of view 72A to 77C and 84A to 89C 15 
from curved secondary mirror 28. Similarly lens 14E 
will produce fields of view 66Ato 71 C and 78Ato 83C. 

It will be apparent to those skilled in the art that 
the number and radial spacing of the fields of view 
may be varied to produce coverage patterns available 20 
with a multiplicity of sensing elements variously con- 
figured to produce a series of positive- and negative- 
going electrical signals. If, therefore, the double ele- 
ment sensors described earlier were to be replaced 
by sensors having say, four elements, then the num- 25 
ber of fields of view would double. 

Further increases in the number of fields of view 
can be obtained by having more than three dual- 
element sensors placed at advantageous positions 
(either adjacent horizontally, or vertically above each 30 
other to form additional declining fields of view). 

An increased number of fields of view may also 
be obtained by use of a multifaceted plane mirror ar- 
ray having more than three inclined facets. 

It will also be appreciated that the radial area of 35 
coverage may be varied from the preferred arrange- 
ment described earlier by variation of the relative 
spacing of the sensors or by changes in the relative 
inclination of the outer plane mirror facets of the sec- 
ondary mirror array. 40 

Although detection apparatus providing various 
f ield of view layouts may be manufactured as differ- 
ent models, it is possible to include means to adjust 
the angle of the outer plane mirror facets during or af- 
ter installation, enabling a user to adjust the area of 45 
coverage to match, say, a particular CCTV camera 
coverage. This adjustment may be carried out man- 
ually by means of adjustment screws. 

Alternatively, such adjustment may be carried 
out automatically by use of electric, motors or sole- so 
noids within the detector housing and controlled from 
a remote point such as a CCTV monitoring control 
room. This would enable a remote camera operator to 
vary the angle of cov rage to match changes in th 
camera lens coverage as may occur when zoom lens- 55 
es are used. 

In a further embodiment the ar a of coverage 
may be varied automatically using electrical com- 



mand signals from, say, a CCTV camera zoom lens 
remote controll r. Thus the motion sensor will always 
cover the area covered by the camera I ns automat- 
ically with ut operator intervention. 

It will be appreciated that the electronic process- 
ing system described earlier may use more than three 
channels when more than three sensors are used and 
that the storage times may be extended or reduced as 
required. Also the electronic logic system may signal 
an alarm with combinations other than the 'any two 
from three' arrangement described. 

For example, in installations where there are high 
numbers of animals and a relatively low security re- 
quirement, it may be advantageous to require all elec- 
tronic stores to contain a motion signal before an 
alarm is initiated. Conversely, in a high security appli- 
cation with little or no risk of animal activity, it may be 
advantageous to signal an alarm condition when any 
one of the stores receives a motion signal. 

It will be appreciated that as an intruder crosses 
sequentially through adjacent fields of view, motion 
signals will be stored sequentially and may be used 
to indicate the direction of movement of the intruder. 

in a practical embodiment the user may select by 
means of switches, various logic configurations and 
storage times to suit the environment. 

It will be appreciated that the amplifier and signal 
processing circuits in each channel may not neces- 
sarily be similar. For example, channels used to proc- 
ess signals from the outer (widest angle) fields of 
view may use higher or lower gain amplification and 
wider or narrower frequency pass bands in order to 
compensate for optical losses. 

The apparatus described above may be summa- 
rised as an infra-red intrusion detector system having 
a multiplicity of pyro-electric sensors with long pass 
infra-red filter means, a focusing mirror, a polyethy- 
lene film window having a smooth area and a focus- 
ing Fresnel lens array. A multi-faceted reflector is lo- 
cated within the field of view of the focusing mirror be- 
tween that mirror and the polyethylene window. A 
secondary cylindrically curved reflector is located be- 
tween the sensor and the Fresnel lens array, the sen- 
sor being located substantially at the common focal 
point of the focal mirror and the Fresnel lens array to 
produce discrete spaced-apart fields of view. The fo- 
cusing mirror has a focal length substantially longer 
than the focal length of the Fresnel lens array to pro- 
duce relatively narrow long range fields of view in 
comparison to the fields of view obtained with th 
Fresnel lens. 

Electronic means are employed to process and 
store separately intruder generated signals and to 
signal an alarm condition if any two stores contain 
signals simultaneously within a predetermined tim 
interval. 

The Fr snel lens or I ns array may be separately 
located from the smooth window portion. It is also 
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possibl to use mat rials oth r than polyethylen 
which transmit infra-r d radiation, for xample ger- 
manium or silicon. This appli s both to the Fresnel 
lens or lens array and to the smooth part of the win- 
dow. 

Uses of the apparatus in addition to intruder de- 
tection may include the control of internal or external 
lighting, and the control of observation cameras, for 
example. 



Claims 

1. Infra-red detection apparatus comprising an in- 
fra-red sensor array mounted in a housing, a fo- is 
cusing reflector system constructed and ar- 
ranged in the housing to focus infra-red radiation 
received from a first range of distances onto the 
array, and a focusing refractor constructed and 
arranged in the housing to focus infra-red radia- 20 
tion from a second range of distances onto the ar- 
ray, the second distance range encompassing 
distances shorter than the first distance range, 
wherein the sensor array comprises at least three 
sensing element or groups of sensing elements, 25 
which elements or groups are spaced apart 
transversely with respect to a lens axis of the fo- 
cusing refractor, and wherein the focusing reflec- 
tor system includes a multiple reflector having at 

. least three reflector surfaces each oriented to di- 30 
rect incoming radiation to a different transverse 
position on the sensor array. 

2. Apparatus according to claim 1, wherein the 
housing has a front window forming at least part 35 
of a front wall of the housing and the reflector sys- 
tem comprises a first mirror mounted within the 
housing in a rearward position with respect to the 
window and directed generally towards the win- 
dow, and a second mirror above or below the win- 40 
dow and the first mirror and directed generally to- 
wards the first mirror, the sensor array being re- 
spectively below or above the window and the 
first mirror, whereby infra-red radiation entering 

the housing through the window is reflected by 45 
the first mirror onto the second mirror where it is 
then reflected onto the sensor array. 

3. Apparatus according to any preceding claim, 
wherein the multiple reflector is a single multi- so 
faceted mirror having three or more facets angled 

with respect to each other. 

4. Apparatus according to claim 1 or claim 2, where- 
in th multiple reflector is a group of mirrors an- 55 
gled with respect to ach other. 

5. Apparatus according to any preceding claim, 



wherein th focusing refl ctor system comprises 
a plane reflector and a concav reflector. 

6. Apparatus according to claim 5, wherein th 
plane refl ctor is the multiple reflector. 

7. Apparatus according to claim 5, wherein the con- 
cave reflector is the multiple reflector and has a 
plurality of concave facets or sections each hav- 
ing a focusing axis angled with respect to th 
axes of the other facets or sections. 

8. Apparatus according to any preceding claim, 
wherein the sensor array comprises a number of 
sensors which corresponds to the number of re- 
flector surfaces of the multiple reflector. 

9. Apparatus according to claim 8, wherein each 
sensor comprises two or more sensing elements. 

10. Apparatus according to claim 9, wherein th 
sensing elements of each sensor are arranged 
side-by-side in a transverse direction. 

11. Apparatus according to any preceding claim, 
wherein the focusing refractor has a plurality of 
lenses with differently oriented lens axes. 

12. Apparatus according to daim 11, wherein the 
lens axes are arranged to produce fields of view 
spaced vertically so as to define different ranges 
corresponding to different declinations with re- 
spect to the horizontal. 

13. Apparatus according to any preceding claim, 
wherein each sensing element or group of sens- 
ing elements is connected to an electronic signal 
processing arrangement constructed so that an 
alarm condition is signalled only when at least 
two sensor output signals occur at different re- 
spective sensor outputs within a predetermined 
time interval. 

14. Apparatus according to claim 13, wherein th 
sensor output signals are changes in the voltage 
level of one or more sensing elements of the sen- 
sor. 

15. Apparatus according to claim 13, wherein the 
sensor output signals are changes in the differ- 
ence between the output voltage levels of two 
sensing elements of a sensor. 

16. Apparatus according to any pr ceding claim, 
comprising an additional r fleeter located in th 
housing and arranged to reflect radiation from 
the focusing refractor nto the sensor array in ad- 
dition to the radiation focus ddir ctly onto the ar- 
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ray by the focusing refractor. 

17. Apparatus according to claim 16, wh rein the ad- 
ditional ref I ctor is a curved mirror. 

5 

18. Apparatus according to any preceding claim, 
wherein the focal length of the focusing refractor 
is less than that of the focusing reflector. 

10 
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